The ability to distinguish between different quantities of items is fundamental in many ecological contexts, and it has been shown in different animal species. This ability may also be context specific. Quantity estimation in fish has mainly been analysed in the context of social behaviour, whereas a majority of studies conducted with species other than fish tested it in the context of foraging. Surprisingly, little is known about the capacity of fish to discriminate between food quantities, possibly because of difficulties in testing individual fish in a novel, and thus aversive, test environment. Here, we present a novel approach that allowed us to test single angelfish, Pterophyllum scalare, while minimizing isolationrelated stress. In binary choice tests, sets composed of similarly sized discrete food items differing in numerical size were presented and the spontaneous (untrained) choice of angelfish was investigated. In all contrasts tested in three experiments, angelfish preferred the numerically larger to the smaller food set. The performance of the fish was ratio dependent in the small but not in the large number range (more than four food items, contrasts that were investigated for the first time in fishes), and there was no significant difference in the magnitude of preference for the small versus the large values. However, overall results indicated that the response was ratio dependent, with an increase in accuracy as the numerical ratio between the contrasts increased. Furthermore, the same numerical ratios that were successfully discriminated with small quantities were also similarly discriminated with large quantities. Altogether, our results thus imply that angelfish utilize the approximate number system of quantity representation for the entire numerical range tested, and that their response is an attempt to maximize foraging success.
The ability to distinguish between different quantities of items is fundamental in many ecological contexts, and it has been shown in different animal species. This ability may also be context specific. Quantity estimation in fish has mainly been analysed in the context of social behaviour, whereas a majority of studies conducted with species other than fish tested it in the context of foraging. Surprisingly, little is known about the capacity of fish to discriminate between food quantities, possibly because of difficulties in testing individual fish in a novel, and thus aversive, test environment. Here, we present a novel approach that allowed us to test single angelfish, Pterophyllum scalare, while minimizing isolationrelated stress. In binary choice tests, sets composed of similarly sized discrete food items differing in numerical size were presented and the spontaneous (untrained) choice of angelfish was investigated. In all contrasts tested in three experiments, angelfish preferred the numerically larger to the smaller food set. The performance of the fish was ratio dependent in the small but not in the large number range (more than four food items, contrasts that were investigated for the first time in fishes), and there was no significant difference in the magnitude of preference for the small versus the large values. However, overall results indicated that the response was ratio dependent, with an increase in accuracy as the numerical ratio between the contrasts increased. Furthermore, the same numerical ratios that were successfully discriminated with small quantities were also similarly discriminated with large quantities. Altogether, our results thus imply that angelfish utilize the approximate number system of quantity representation for the entire numerical range tested, and that their response is an attempt to maximize foraging success. © 2018 The Association for the Study of Animal Behaviour. Published by Elsevier Ltd. All rights reserved.
Quantity discrimination is a basic form of numerical competence. This ability allows individuals to choose between quantities that differ in the number of elements, and it has been shown in a range of animal species, including humans (e.g. see Lourenco, 2016; Vallortigara, 2015) . Such capacity can provide fitness benefits in diverse ecological scenarios including intergroup conflicts (Bonanni, Natoli, Cafazzo, & Valsecchi, 2011 ), parental investment (Lyon, 2003 or predation risk contexts (Hager & Helfman, 1991) . Most studies investigating quantity discrimination abilities have employed foraging situations, because in nature discrimination of the relative differences between food quantities available can directly affect survival rates. According to optimal foraging theory (Stephens & Krebs, 1986) , when animals are faced with alternative foraging options, they should choose the one that provides the greatest net energetic gain. Therefore, the ability to assess different quantities is helpful to select the food source that provides the best payoff.
Most studies on quantity discrimination dealing with foraging decisions have been carried out in mammals and birds and under controlled laboratory conditions. This approach has allowed investigators to assess potential cognitive mechanisms underlying the discrimination. A variety of research methods have been adopted to investigate numerical abilities of animal species (reviewed in Agrillo & Bisazza, 2014), but a commonly adopted methodology to measure quantity discrimination involving foraging behaviour is the binary choice test. Under this paradigm, subjects have to select between two visible, simultaneously presented, numerically different sets of food items, which generally remain in view at the time of choice. This spontaneous quantity discrimination has been employed in studies with mammals
